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FAILURE MODE ANALYSIS SUMMARY
NERVA CONTROL DRUM ACTUATOR
PRCOPOSED BY GENERAL ELECTRIC

(MODEL AG-14)

SUMMARY

A failure mode analysis of the NERVA control drum actuator desiga proposed by
General Electric has been made. The results are summarized with emphasis on the

design recommendations to improve the over-all reliabiiity of the actuator.
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FAILURE MODE ANALYSIS SUMMARY
NERVA CONTROL DRUM ACTUATOR
PROPOSED BY GENERAL ELECTRIC

(MODEL AG-14)

INTEODUCT ION

In the preliminary design phase of the NERVA reactor, several basically difterent
designs are being considered fcr che control drum actuators. One of those being pro-
posed is a pneumatic actuator designed by General Electric and is identified as their
model AG-14, P/N 1076510-761. Reliability, as stated in the NERVA contract, is of
extreme importance, Because of this importance, a failure mode analysis of the NERVA
control drum actuator design proposed by General Electric is considered desirable. This
report presents the results of the failure mode analysis and indicates areas in which

design changes may be made to improve the reliability of the design.

RECOMMENDAT IONS

It is recommended that further design action be considered for the following
areas to improve the over-all reliability of the proposed General Electric AG-14
pneumatic actuator:

1. Provide means to protect orifices trom clogging.

2. Provide more positive methods for locking and/or retaining pins, nuts and

adjustments.

-t N AL
L . Je I RIC ITO~ovniiinh

A= 1084 2
b——— oo e T T

Jo
. —




fA‘_Irlm..‘ [ |

- - ) A L.istronuclear
. i —
. —A._J‘lﬂA' WANL - TNR - 081

A.n_;‘ | 95

- 3. Change the servo linkage pivot pins material to a mure ductile steel.
’ 4, Provide spring loaded bypass around the tilters for supply ges and cool-
ing gas.
} >. Improve the electrical connector,
b. Assure that tailure 1in the electrical teedback circuit and torque motor
circuit results 1n or enavbles the actuator to go to the closed position.
/. Provide a restriction or check valve in the gas lines to and trom the
actuator.
8, Provide a locking device to ser : actuator in the :losed position
tor shipment.

Y., Make the actuator double a ' .ng.

Additional considerations should be given to the tollowing:
1. Zonduct extensive envirormental testing.

2. Provide clean room assembly,

These recommendations are based on the assumption that sticking of only one
control drum in the open position can cause a local core hot spot that caen result in
catastrophic core failure, However, discussion with WANL Nuclear Design indicates
that a design analysis is planned to investigate this condition, and possibly to in.
vestigate the effect of only one drum sticking in the closed position. Perhaps stick-

' ing of only one drum in the closed position may produce thermal gradients that can

‘ cause local cracking of the core chat can result in catastrophic core failure, In
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addition, it was felt that if only one drum were stuck open the engine could be shut

down, and if only one drum were stuck closed th. engine could be started.

DESCRIPTION OF PROPOSED GENERAL ELECTRIC PNEUMATIC ACTUATOR

The General Electric AG-14 actuator design which was used for the analysis pre-
sented in this report is shown in Figure 1., Figures 2, 3, 4, & 5 show the actuator
in more detail.

The General Eleciric AG-14 actuator, which is one of the proposed designs being
considered for the NERVA engine, is a pneumatically powered mechanism that positions
the reactor control drums to determine the engine power output. The linear motion
of a single acting, gas driven piston is converted to rotary motion by means of a rack
and pinion, The piston is controlled by a servo valve which regulates pressure, to
overcome the control drum return spring force, in response teo electrical signais from
the reactor control center to a torque motor. A potentiometer is coupled to the out-
put shaft to sense shaft position and provide an electrical feedback signal to the
reactor control center. A torsional spring provides snubbing action, when the actu-
ator is driven against its limit stops, to decclerate the controi drums and protect

them from damage as the result of excessive decelerat:.on forces.

FAILURE MODE ANALYSIS PROCEDURE

The initial step in making this failure mode analysis is to examine the detail
drawings and the assembly drawing. From these, a parts list is created. To providea
identification, each part is assigned a planning parts list number which will be used

throughout the analysis. 1In addition, this number is associated with the detail
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drawing part number; however, 1f there i& future re-design, there may be several
part numbers that would be identified with a single planning parts list number.

Each part, now identified by a planning parts list number (See Table 1), i
considered separately; part function established; and the details of the part, as
visualized from the available information, are studied. For each part, every con-
ceivable mode of failure is noted and the probabie cause or causes of each mode is
recorded., How the mode of failure affects tne operation of the actuator and the
over-all mission is next evaluated and enumercted,

Action to eliminate or prevent each moce of failure is determined. The recom-
mended action may: (1) require special quaiicy control effort during the manufactur-
ing phase and consist of special tests, measurements, or procedures; {2) require some
special laboratory tests, such as envirunmentai tests, to demonstrate the design in-
tegritv; and (3) suggest additional design effcrt. During the initial design phase,
the recommended actions can greatly assist in the attainment of a design wich high
inherent :eliability. It is for this reasown that the failure mode analysis of this
report has been made.

Results of the failure mode analysis are summarized on a special form (see Table
I1)., This form lists the part name, planning parts list number, mode of failure, haz-
ard, effect on thrust and actuator performance, cause of failure, recommended methods
to eliminate or prevent failure, and disposition. In the future, the disposition col-
umn {s to be used to note the action actually taken.

Since the summary of Table II is aimed at recommending design actions to improve
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the reliability of the design, the recommended actions are discussed in greater de-

tail in the tollowing paragraphs:

RESULTS AND DISCUSSION

The General Electric AG-14 actuator as shown in Figures 1, 2, 3, 4, and 5 1is the
initi11]1 design of the ccnfiguration using & rack and pinion to tranemit actuator
output torque, It is at aa eary stage ot development where a tailure mode analysis
is highly desiratle in that changes, which can aid in attainment of a design with
higher reliability, can be recognized and design action taken before changes would
be difficult to make. The tailure mode analysis represented by the sumnary of Table Il
reflects the items where recommendations for design changes to eliminate failure modes
will improve the inherent reliability of the General Electric AG-14 actuator. This
report is concerned primarily with the recommendations for further design action in

the following areas to obtain a higher inherent relfability.

1. Provide Means to Protect Urifices from Clgﬁg&gﬁ

There are five orifices through which cooling and exhaust gases flow immediately
before dumping into the actuator exhaust cavity. Should the servo exhaust orifice
clog, the actuator will not be able to move to the closed position., Should the cooling
flow orifices clog, overheating will result and cause the actuator to jam {n a fixed

position., It is recommended that chese crifices be protected individually from clog-

ging.
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2. Provide more Positive Methods for Locking and/or Retaining Pins, Nuts, and

Ad justments

There are a number of areas where the locking or retention of pins, nuts and

adjustments is dependent upon friction. 1In view of the stringent requirements of

the NERVA system, it is out of proportion to have the success or failure of the
system depend upon frictior to lock together certain parts. Considering the variable
environmental! conditions present, which tend to affect friction, a more positive means
of locking is in order.

A spring pin (roll pin) is used to trap the pivot pin for the piston bearing
and depends solely upon its coil spring action to remain in place, 1If it were to
back out, it could fall into the gear and jam the actuator in a fixed position. A
positive method of locking the spring pin or another method of trapping the pivot pi
should be considered.

A plug is press fitted and staked in place in the end of the rack bearing covar,
Improper machining to obtain the press fit and inadequate staking can allcw the plug
to fall out and into the gear and jam the actuator in a fixed position. Since stak-
ing is done manually, the inherent variation in the process dictates that the pos-
sibility of inadequate staking is not remote. Another more positive method of retaining
this plug is recommended.

A spring pin (rell pin) is used as the anti-rotation feature for the rack bearing
shaft and is retained by staking. For reasons previously stated, staking is undesir.

able. 1In this application, & spring pin is undesirable since it is subjected t> shear
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loading in sddition to the compression loacing for which it is designed. 1t {s
recommended that another type pin or anot 'r method of preventing rotation be con-
sidered.

A spring pin (roll pin) 13 used to retain the potentiometer cuupling shaft to
the soft stop spring and is retained by staking. Should.thc pin shear, the potenti-
ometer would be disengaged from the actuator output shart and o fixed position feadback
siznal results. The actuator then becomes & two position mechanism; :izher €full open
or full close, The comments previously stated in regard to staking and shear loading
of a roll pin also apply here.

Self-locking nuts are used to retain the control drum shaft coupling to the
actuator output shafi, and the soft stop sapring to the output shafi.., Should the nut
retaining the coupling back off, the actuator and control drum shaft disengage and the
control drum cannot be operated. It is essential that a positive method of locking the
nuts be provided.

Mid-grip helicoil thread inserts are used to lock the servo inlet poppet and the
torque motor flapper adjustments. Should the servo inlet poppet insert relax, the
poppet will back off its seat and result in an open passage for high pressure supply
ges to drive the actuator piston to the full open position or possibly keep the actu-
ator from closing., Should the torque motor flapper adjustment inserts relax, the
spring load on the rflapper is reduced, the servo manifcld norzle opened and the accu-
ator given the signal to close. More positive methods of locking the poppet and che

flapper adjustments should be considered.
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3. Change the Servo Linkage Pivot Ping Meterial tc . More Ductile Steel

The servo linkage pivot pins are presently made of AISI 440C steel which has
low shock or impact strength. Such strength nmay be required t~ withstand the lzads
as the servo pcppets strike against their seezts, Should the pivot pins fail, the
actuator will either operate in one direction only or become completely inaperative,
dependirg upon which pivot pin failed, It is recommended that a more suitable steel

be used as pivot pins in this application,

4s Provide Spring Loaded Bypass Around the Filters for Supply Gas and Ce>ling Cas

{he gas to the actuator flows through filters. Should & fiiter clog, the actu-
ator either does not operate or it overne&ts and jams in a {ixad position, depending
upun which filter was cloggad. A spring loaded bypass which can open when a given
nressure drop across the screen i3 vreached will permit the flow of . s to operate

or cool %= actuator, at least unti! something clcgs or sticks.

5. Improvs the Electrical Connec or

Quick disconnect typce electrical connectors are considered to have a high failure
potential, ~which suggests that they be elininated. Tt is recommended chat some pos-
itive means of conn2ction be employed that is not affected by friction, spring loading,
vibration, <orrosion, etc., as is the quick disconnect type connector. In the event
this cannot Lo effectively accomplished, the use of more than one pin for edach cir-

cuit to provide redundancy is strongly recommended.
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6, Assure that Feilure in the Electrical Feedback Circuit and Torque Motor Circuit

Results in or Enables the Actuator to go tc the Closed Positior

The feed-ack potentiometer senses actuator output position and provides &n
electricel signal to the engine control center. Should the potentiometer or its
circuitry fail, there will be no indication of contra: drum posicion and the actu-
ator ray be driven to the full open position.

The torque motor responds to electrical signals from the engine controi cen%er
to control pressure to the aczuator piston vy means of the servo valve. Should the
torque motor or its circuitry fail, the flapper spring will cause the servo nozzie
tc be closed and the actuator wiii be driven to the full open position.

In both cases, redundant circuits shouid be used if at all possible. Further-
rore, both jteus should be designed so tha: the actuator can never ve driven to the

open position, resulting in a control drum being stuck cpen.

7. Provide a Restriction or Check Valve in the Gas Lines to and from the Aactuator

Therz are several failures which will result in the loss of large quantities
of hydrogen from the actuator. Some means of iimiting this loss is desiiable and
it {s recormended that the use of some tvpe of restriction or check valve for the

gas lires to and from the actustor be investigated.

8. Provide a Safety Locking Device to Secure the Actuator

In the present design there is no locking device to secure the actuvator and

prevent damage to it and tho control drum during shioment of the engine. Also,

SN 4 A ASmesmn . sma asmme = =
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prior to engine starting, & lock provides positive assurance that the control drum is
in the closed pusition and cennot be moved until desired. 1I. is strongly recommended

that & locking device be provided.

9. Make the Actuator Double Act ing

At the present time the actuator is gas driven only in the open direction and
depends upon the controi drum return spring to drive it in the closed direction.
Should the ccntrol drum return spring €ail, the actuator camnot move in the closed
direction, and mav remain in the failed position or overshoot toward the full open
position since the restraining force of the 3pring i: lost.

It is recommended that the actuator be made double acting; that {s, the actustor

be gas driven in the closed direction as well as the spen direction. In this way
the controi drum return spring becom:s a safezy feature as well “s prov.des ziditional

force o move the control drum in the closed position.

Additiono; consideration should be 3lven to the following to improve the over-all
actuator reiiabilicy:

1. Conduct Extensive Envirommental Testing

Since the actuator is a mechanism with many moving parts, the only known
procedure to prcperly evaluate the design is to conduct extensive envirommental
testing over the full range of opzrzting variables, Plans for a comprehensive test
prograe including vibration, temperature, radiation, shock, thermal shock, exposure

to hydrogen, etc., cannot be overemphasized.
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2., Cleat Room Assembly

There are many seals in the actuator which may leak. Leakage can be caused
by contamination lodged cn the sealing edges of the seal. There are also five
unfiltered orifices which may become clogged by contaumination. it is apparent that
all parts must be thoroughly -leaned prior to assembly, and contamination held to &
minimun during assembly. It is recommencded that assembiy be performed in &n ares

where specisl precautions are taken to mgintain ~leanliness.
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Asﬂonuclear

WANL - TNR - 081

PPL i
PLANNING PARTS LIST c %0 %
SHEET ¢ oF ¢
PREPARED DATE |TITLE WESTINGHOUSE ELECTRIC
I. R. Spezialetti  9.12.62 ACTUATOR - GAS.SERVO
CHECKED GENERAL ELECTRIC CORPORATION
AG-1k
APPROVED Asmmc/ear Laboratory
PITTSBURGH, PA,
PPL NO. REV}{i]2]3]|4]|slse]l7}s PART NAMC l
| o—————— e a— e Sme—
C O7 1k |'Seall'l|! 2
= L} 1ﬁ : ; = ;
¢ o7 15 {1 Mandfollds 1 o 1
T
C 07 16 ' lezzlle: v 1
1 LR | L}
c o7 17 : lw%s}{er‘ 'B(il_llbville 2
] LR L L
c o7 18 ! : Sérc-!w L $odk~t lead 2
T Ll l l l V SR
c 07 19 ' :w<1sl{er -:Bélllleville k
L L L L L)
C 07 20 1 ) S¢rew ;- §oc;'§e“.: Head L
) L ] L ] L] 1 ] 1] L)
c ot ||} i :
¢ o7 22 ;4:31'8'9?9? %cxiew; 1
C 07 23 i ;Tzirql}te; M?t?i 1
cC 07 2k ¢ Aydsher! - 1pdllibville h
44—+
]
¢ 07T 25 ; 'Ls(l:re;d f— q'oc?ce? Head L
¢ 07 26 ; ; whal q:f \golgxm? Cover 1
c o7 27 t tsdall 1 1 b4 1
4+
¢ o7 28 i ilvfish?ri—EBe?.].?ville 6
cC 07 29 ! !sdrel ! docket Head 6
corzo | syt :
BEREEEE ]
oo [ Libeiiiiy -
c 07 33 ' :Wa!shgerl- IBell1dville L
_— = Looerd, s e o e

S < & £ S01 S ARA smms A B
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PPl. REV
PLANNING PARTS I.IST c 0
Joneer Ior i
PREPARED OATE JTITLE m EI.E"‘I'RIC
I. R. Spezialetti 9-12-62 .
CHECKX ACTUATOR - GAS SERVO CORPORATION
7 CENERAL ELECTRIC
APPROVED AG-1h Astmmcloar Loboratory
] B ~ PITTSBURGH, PA,
PPI. NO REV{i|2]|3|afs|e]7]e PART NAME 4
FE'_.= g e - - = T =
¢ 07T 34 [ Screw .- Botkqt Head )
{ 1 11 4 {
c 03 00 nF‘nlteru-uCooling Flow 1
t
c 09 ¢0 .Fmter.--Supply. 1
: I l ' l ' l l
C 10 0C 'Wl'ritxg 'Harness & Rpceptacles 1
= 1 ' l r l l l
C 10 01 1 er:ln{:,‘ mzrness 1
; 1" : ' f l l l
c 10 o2 ' 'E}egbl‘z.c%zl'néceptdcle 1l
g = L Al v L)
q 1] 1 ‘ " 1]
¢ 10 03 L i T 1
L) 1 ] v LB | 1 1)
C 10 Ok !V wdsed! :Beglle*nlle 8
c 1¢ 05 : :S{:r w: $o§kelt Head 8
] 1 i | 1 4 1] v
C 10 06 1 1 Eledtrical Bepentacle 1
L} | L B LA L4
C 11 00 ‘assedbly halad 'p 1
[ IO O I D DR B T |
¢ 11 o1 L L I I 1
LI § LOL IR ] ¥ v ¥
c 1 o2 R LI 1
L L L S L B | | 3L}
¢ u o SESERER :
] L) L § 1 ] ¥ 1 1 § ¥
C_11 ok LaSgal ¢ o+ oy 2
1] [ ¥ 1 } L4 1} 1 | 1]
cn o | |4 tuirkclap
| 20 N N RN TR R B ]
[N N N
¥ 1 ] | 4 ¥ ¥ [] | ] 1 )
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TABLE 11

FAILURE MODE ANALYSIS SUMMARY
NERVA CONTROL DRUM ACTUATOR
PROPOSED BY GENERAL ELECTRIC

(MODEL AG-14)

BREVIATICNS AND SYMBOLS USED

Vib, «=ceccccecee Vibration H

Temp, eece-ece---- Temperature

HQ =- Hydrogen
QeCe ecovvccanewece Quality Control

Beee Environmental Test
A28y e~--cc-e--- Asgembly
Trans, ecce-ce~-- Transverse

ut‘. coosesoswve = Ilolll'lt’.ﬂs
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FARURE MODE ANALYSIS SUMMARY PAGE 1 of __13 PAGES
Actusor - Gas Servd, Cestril Rleviric AG-18 TABLE 1 DATE  $-20.52 REV. ==~
RECOMMENDED METHODS TO E?
L PLANNING MODE ‘z’ GRCT ON|  CAuSE OF ELWAINATE OR PREVENT FARURE | 3
" PARTS LIST - " - —y
NAmE vece| | ofeasume |2 nauste | ranvee  [Tremmg. 3
B d e | [mec. Joev. men ‘
Actuator T-O1.8) ek tres. X oIS ¥ib., Flav @« E Include Puse or
Ausing ) orifice to restyict
Sreak @ Conling | X] Nowsfy Vib., Yoor deaze | QC E | Nrdroges leskage.
s Ewze Jotok
Breah & Duoling | X | Fluciwate/F| Vib., M- oute | O E
Sas @faze Joiat
Wk § Supply X i ¥iv.. foor Xerx | QU E
S5 Sreze Jolat
Pamigrt {odling X Roeely Izproper tach., [ 4 -
Cai Sewl Suref. Careless Kandling
Hecaged Supply x bY, ) Ispruper Mwch., «< -
$as Seal Sarf. Caseless Sandliog
*enk @ Cooling | X Xomes ¥Yik., Poor Wele « E
Gus Plug el
Breek @ Supply X 5% “d., Peor @eld ® £
s Plug W2l
Dudltng C01.92 BrOaX Trons; b-24 Vib.. Flaw (-4 4
mifle Aet'g. PN Bar.
Brguk Trens. wonesG Viv., Flaw « E
FVor-Rct. FIsC.
.
Fvak Toaes: R or 5 [ ¥I6., Flaw o g
Etthes Mol /5. 8, or
VUsvs Spring £.01.03 Xelax; Aty s Teap- - [
fleton Spry.
mlax; Een-Act - Wonz /% Trep- - £
Fistom Sprg-
Sronk Axialy sA Vib., Flaw o B
Act'g- Fiet.Sprg-
Fraak Axial: Sone 1 Vibe, Tiaw o £
Ao, Mat.Spy
Pistoe Sleeve | C.0%.0k Sreak Trans-, 57 Vih., Flaw Qc
&et g PIst.Sive.
Sreak Trans., Fooe i Vv, Flav _e E
dom-Ack. POt
Slrs.
fen. Seal. Surf., 55 Isproper Nack., «© -
Act g Pist.Slve. Corelers Sanditing
De. Seal. Surf., Yowe /M Isprugsr Mach,, o« -
Fon-Act .Fist.Slve Careleas Nandling

SFFECT ON THRUST

L WAMEDIATE DESTRUCTION A ruu. O'(N CAN NOI CI.OS!
2. EVENTUAL DESTRUCTION 8. FULL CLOSE - CANI NOT OPEN
3. DECREASE MORE THAN 20% [ PARTLY QPEN - CAN NOT MOVE
4. WNCREASE 0. FULL OPEN ~ CAN CLOSE
S. OECREASE LESS THAN 0% E FUALL CLOSE - CAN OPEN
F. OSCILLATES
G. DEGRADED PEXFORMANCE
H NONE
. E
\»«All-lg‘[ﬁkll’-‘ i -
DECTRLASEN M ATA
e ————— L™ 25
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FALURE MODE ANALYSIS SUMMARY
Actustor - €us S&xvo, Gemerel Eleetric AS-)% TAnLE !' ) -
oany PLANNING MODE g GFFECT ON|  CAUSE OF ELIMINATE OR PREVENT FAILURE | 2
NAME ST | of anuee | Q) wauste FALURE IESTING 3
X{6& PERFOR- — DESIGN s
o wancE | wo Joev.] ° a
Stieking ¥ith Soae /G Isproper Mach., © E
Fiston idngs Contws:. Cleuntng
Actica of iy
Setzure stk &/a Temp., Claaning 3T E
Patos Rirgs - Action of Hp,
£e1l Open Pus. Contsm., Dam.Sur.
Setzure with Koo /3 Teep., Cleaning uw E
Piston Rings - Aotion of iy,
Full Close Pos- Conten., Daz.Sur.
Zelzure with koor Sfc |Temp., Cleaning « E
Piston Rings-Sone Action of Mo,
Open Poc. Contany., Dem.Sur.
Setscrev C.01.95 Clog: Servo None /¢ Debris, Contem. - - F1lter Screen for
{Crifice) Exhivust Line Orifice
Cios. Coaling L7 A, B,inesris, Contum. -  [Filter Screen for
fias Linas or & Orifices
Ruck €.02.01 Bresk [rons 8 s/c Vib., Flaw E
Brg. Ded
Break Trans @ 576 ¥ib., Flaw b4
Rack
Breal: iyans © None /i Vib., Flaw an B
liook 8«
Seizure with 5/a ¥ib., Temp. - E
Pato.: - Pl Cleaning Action,
tpen oS- Pebris
Setzure with sone/R Vib., Temp- - E
PFinton - Full Cleaniog Actidn,
Close Pos. Debris
Selzure with 4 or 5/C Vib., Temy-, lfg - E
Pinion - Soae Cleaning Actind,
Coen Tos. Debris
Wenr Fluctuates ] Debris, Contam. - E
/¥
Piston €.02.02 Drenk Trant., 5/G Vib., Flaw Q¢ E
Art'g. Plston
Break Trans., Sone,/H vib., Flaw L £
Mon-Act. Flst.
Breok Trans., /A Vib., Flav Qc E
Jam Full Open
Break Trans., None /B Vidb., Flaw qC £
Jam Full Close
Rreak Trans., 4or $/c Vvib., Flaw ]C E
Jam Part Open
EFFECT CN THRUST S*EFFECT ON ACTUATOR PERFORMANCE
L IMMEDIATE DESTRUCTION A FULL OPEN - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION 8. FULL CLOSE - CAM NOT OPEN
3.  DECREASE MORE THAN 0% C. PARTLY OPEN - CAN NOT MOVE
4. INCREASE 0. FULL OPEN - CAN CLOSE
5. DECREASE LESS THAN 10% €. FULL CLOSE - CAN OPEN
F. OSCILLATES
G. DEGRADED PERFORMANCE
H. NONKE
wr S e
e

RS ALE 1 4 1
L TR T T

T A

s . -
gltéiﬁié [ 37 7 £ P S — %
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T
e FAILURE MODE ANALYSIS SUMMARY PAGE 3 ei_j3 PAGES
PN Actuitor - Gej Servo, Gemersl Electric AC-14 TASLE n OATE 9'68'69 - liv_; """ -
L RECOMMENOED MITHODS to z
- PART FLANNING MODE g EFFECT ON CAUSE OF ELIMINATE OR MEVENT FAILURE g
: NAME FARIS LIST | (o payuime D! st FAILURE TESTING 8
NUMBER 3| R oREOR- -, DESIGN &
MANCE®* MFG. | DEV. al
'[. P €.02.03 Break Trams. 545 Vvib., Flav € t=
Spring Pir c.03.ck Break Trans. Wone/H ¥id., Flaw * B Reitive Llocking for
Fin or other Method
4 Bavk-0ut None/H Vib. - E  |to Trap Pivot Plo
- fack-Out - Jam
L R R, s L W7y ¥ib. - E
Full Close None/B Vib. - E
i Back-Out - Jam
. Part Open L or 5¢ Vidb. - 5
§ Pin T.02.05 Break Trans. None/H ¥1b., Flav Lo E
-1 Break Trans., a Vib., Flav Qc E
Jea Full Open
: e e Mone/8 | vib., Flaw « |
: Break Trans., bor 5/c | vib., Flav [ E
- - Jum Part Open
- Rod Erd €.02.06 frg. Selzure Xone/g Tenp., Cleaning [ E
- Hearing Agtion of Hg,
Contaminant!
Brg- Seizure 2 Temp., Cleaning oc E
o Jam Full Open fction of
Contamlnant
Brg. Selzure None/B Temp., Cleaaing « E
Jaa Full Close Action of
Contanainant
Brg. Seclaure b4 or S5/¢ Temp., Clemning K E
Jam Part Opsn Action of l{s
Contaminant!
Pleton Ring C.02.07 Break Axial. Konefr: Vib., Flaw Qc B
S
Seizure with LY/ Tenp., “leaning QC E
Pist. Sleeve - Action of
Jam Full Open Contaminant
Setzure with None/p Texp., Clearing o« E
Pist. Slecve - Action of
- Jan Full Close Contaninant
A Selzure with 4 or 5/c Tewp.s Cleaning .o E
) Pist. Sleeve - Action of
Jsn fart Open Conteminant
N Damaged Seal Mone/H Gareless Handling | QC .
v Surface
. Piston Ring €.02.08 Break Axial. Roe/H Vib., Flaw « E
b Dagaged Seal Noue/H Careless Randitng | QC -
. Surface
s
¢ *£FFECT ON THRUST SCEFFECT ON ACTUATOR PERFORMANCE
) l-va 1. IMMEDIATE DESTRUCIION A FULL OPEN - CAN NOT CLOSE
3 2. EVENTUAL DESTRUCTION 8. FULL CLOSE - CAN NOT OPEN
b 3. DECREASE MORE THAN 0% C. PARTLY OPEN - CAN NOT MOVE
e 4. INCREASE D. FULL OPEN - CAN CLOSE
3 5. DECREASE LESS THAN 10% E FULL CLOSE - CAN OPEN
. F. OSCILLATES
L G.  DEGRADED PERFORMANCE
: H. NONE
4
IE
25
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FARURE MODE ANALYSIS SUMMARY PAGE 4 of 13 PAGES
Actuator - Gas Servo, General Eicetric AG-lk TARLE N DATE  9-28-6¢ REY.  eeeeeee
RECOMMENDED METHODS TO g
PARY PLANNING MODE g EFFECT ON CAUSE OF ELIMINATE OR PREVENT FAILURE .9_
NAME PARTS LIST | op paume THRUST* FAILURE TESTING 3
NUMIER la renron- DESIGN &
MANCE®* MFG. | DEV. al
Seal c.02.09 Dusnged Biges Fluctuated’ | Careless Handling, | QC -
F Contuminants
Daanged Biges Nonofi Careless Hundling | @& -
Contrwinunts
Sesl €.02.10 Damsged Biges b Nonefit Careless Handling,| QC -
Contaminants
Seul c.02.11 Drmaged Biges x| Menefi Careless Handling,| QC -
Contaminants
Piston Cover | C.02.12 Break @ Braze x| Monefd ¥ib., Poor Braze oc E
Joint
Break O Brage X | Fluctumtes/ | ¥ib., Poor Braze o E
Joiat - Acting F
Pist. Cover
Damaged Seal X[ Mone M Carcless Handling,| QC -
Surface Improper Machg.
Vesher €.02.13 Omitted @ Asw'y. Sone/H Cureless Ass'y. QC -
Screw C€.02.1h Break Trans. X Tonefit ¥ib., Overtorque o £
Back Load €.03.01 Rreak Trans. None/G ¥ib., Flav [ E
Bearing
Cover Plug Fall Qut & ¥ik., Isproper Qo E More Positive
or Break Tran. Retention., Flaw Retention Means
Jase Full Open
Plug Fell Out None/P Vib., Improper A E | More Poattive
or Break Tran. Retention, Flaw Retention Means
Jam Pul) Close
Flug Fall (ut % or %C vib., Iwproper ' 2 | more Positive
or Break Tran. Retontion, Flaw Retention Menns
*| Damaged Seal X| wonelt improper MAGhg., Q¢ T
farface Carsless Handling
Duplex C.03.02 Selzure of None/G Jienning [\ B
Bearing Pnlls & Races Action, Temp.,
Contexinants
Spalling of Nouiey's ¥ib., Crerload - E
Balls & Races
Wen, None/C Tewp. Overload. [y E
Contaminnnts
1l Breaks Noao/G Defuctive tall © E
Bail Retain. Wone/G Vib., Dafective Qc |4
Breaks Retminer
Searing €.03.03 Break Trane- Rone/G Vib., Fiaw [ E
Shaft
*EFFECT ON THRUST SCEFFECT ON ACTUATOR PERFORMANCE
L. IMMEDIATE DESTRUCTION A FULL OPEN - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION 8. FULL CLOSE - CAN NOT OPEN -
3. DECREASE MORE THAN 0% C. PARTLY OPEN - CAN NOT MOVE §
4, INCREASE 0.  FULL OPEN - CAN CLOSE :
5. DECREASE LESS THAN (0% €. FULL CLOSE - CAN OPEN
¥. OSCILLATES
G. DEGRADED PERFORMANCE
H. NONE
- e e - - aama & A i
%
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ad FANLURE MODE ANALYSIS SUMMARY PAGE P of 13 PAGES
Actuator - G&s Servo, Ceneral Blectric Mi-i% TABLE I DATE ©-20-6 [ Y A ——
] ot — - T e ———— e — —
- AECOMMENDED METHODS TO | Z
— PARY PLANNING MODE g EFFECT ON CAUSE OF ELIMINATE OR PREVENT FAHURE | =
PARTS LIST . N - 7]
NAME NUMBER OF FAILURE P INIUS!_ FAILURE 1ESTING 8
x| & PERFOR DESIGN &
MANCE®* WG, | DEV. a
Spring Pin €.0G3.0% Srank Trans. Eecraft Yib., Slear . & | Replecy with Aother
Trpe P or Change
Mk Out Nonafti 2ib-. Puor Jiake o € Wthod of hitentian
fuck Out - Jas sfa ¥1b., Foor ok @« 14
Rl Open
Mok Qut - Jes Nons/H Yib.. Poor Mske | & E
Pl Close
BAeR Ok - Jaw L oor oC Ya., Poor Jtake o 3
. Pure Opox
§ Scal c.03.05 raxsged Soal | Moect Curctess Samiling, | QC -
' Serfsce Cuntasinants
vasher €.03.00 oattied Socref/? areless A"y A .
; Serew €.03.07 Sreak Tracs- X]  donef® Yib., OveTtorqur | | E
: Pinlon Gesr C.05.00 Satze intern. None/M ¥ib., Cleantng - -4
Jplim=s aciton of 1,
TFemp . *
Selir wXierm. tfk Yib., Viewing - €
Spline or Semc Action of A .
: Jum Fe ! Opes Teap- <
Sefze fxsera. - or MC | ¥1b., Clemning - F
Spline o~ donr Actton of X,
. Juo Pazt Opoh Tewp- -
‘ Intern-lipiiae waefit ¥ib., Toatm. x £
H Wenr
Bxtern. Splise Nonafs ¥ib., Cuntmm. @€« |3
Sear
i Gear Wear Hone/G ¥ib., Contns. « &£
t Felee Extomn. Nouze /6 Yik., Clenning - 3
Sptine or Geus Actton ul R,
Jun Fail Clowe Tomp. *
i Beering C.0%.02 Break Yrons. o ~/n ¥ib., biaw @« 3
t Housing Jom $uli Oper.
Sreak Pragse. - Noue/s Yib.. Flaw x 3
Jax Tull Close
i Brenk Traas. - L or 9/¢c | ¥ib., ¥iae Q¢ 3
. Jow Pnrt Qpen
N Damigod  Ueal thone M Taprupe: Mecig - & -
Surrace Carcless Handlg.,
Quntaninate
: Dl Buaiing | C.04.03 Setzure of Baite (Y7 Temp., Cleoning « E
) ot Races - Jaa Alfoes of .
' - Ful) Open Coptanjnnntk
H EFFECT ON THRUST SSEFFECT ON ACTUATOR PERFORMANCE
i b MAMEDIATE DESTRUCTION A FULL OPEN - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION S FULL CLOSE - CAN NOT OPEN
3, DECREASE MORE THAN 30% C. PARTLY OPEN - CAN NOT MOVE
4, HNCREASE 0. FULL OPEN - CAN CLOSE
5.  DECREASE LESS THAN 0% | & FULL CLGSE ~ CAN OPEN
[ F. OSCILLATES
G. DEGRADED PERFORMANCE
H. NONE
. e a T——
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FARURE MODE ANALYSIS SUMMARY PAGE [ of 13 PAGES
Actuntor - kP Serve, Goperal Eleetrte ¥iapk FASLE 1 DAlE  9-8-6° Ry,  ---o--- _
~ RECOMMENOED METHODS 10 | Z
PARY PLANMING MODE g EFFECT ON CaUSE OF ELIMINATE OR PREVENT FARRE | =
NAME PARTS UST | o paume | % sTe FARLURE TESTING 3
NUNSER I & PEKFOR- DESIGN &
MAMCE®* MG, 1 DEV,
Selzere of Mlia T f2 Trmp., Tleaniog x ¥
apd mces - Affecy of 8,
Fall Clae “out sxtneat ¥
Jetzae of Balls L oar S Tomp.. Tleanics - -4
g Kmcen - Jdon Affert of
Twre. Opan Contaminioit
Spmlilmg of Mlial Toaz/C L 21N - 4
At Bacss
Vo Nonofs Tomp., Cowias. [ -4
Ml oor Meatn Nans/r Tofeetive Ball r -
ke - ac Boataer
Mil or Retatn L/ Tefecsive Ball x -
Beks. - am Puld or Ratainer
pen
Ml or Retatn Maerc/B tefeeilve Ball o -
Eks. - Wa Pel} ar Sesainer
Cloe»
M1} oc Retato Lor C | Dedeciive Ba) o« -
frigs. - Max or Kovalaer
Pard Open
Wve Spriog .08 .0M Rolantion L4 Tamp- - E
>l ton WfE Teap. - [ 4
Bremk Axial. Ya ¥ib., Flaw o« K
Beoak Axtnl. Rougs ¥ib.. Flaw & B
Sant C.0k.0y Drowsgedt Teal Nocifi Careloss Handding, | &€ -
Aurinces Conzmainnnie
Zwal Sparer o0k 0n finznaged el Honnfy improper Mickyg., « -
“urfare rereless ndtlg-,
“ontamlowts
aenl ©.08.07 Damgeat end Hore/M Impro r ek o -
Atalner Tarfaee Careless Randls..
Tt eninral
ared Spacer ¢.0h.00 Doanges Sral Nono't Iaproper e, o« -
Surfarce Careloss Randling
b r.gh.07 oaltia: Mo S Carelees Ase'y. [ -
lerew ~.0h .10 Rrear Trane. None/H ¥ib., Qrertorque *x E
Sepe e N1 ®renk [ra Soxre/i Viho. Jeriorenr | QC g
Soft Rop €.05.0% Bronk Twng- Nona/fl inpact, Vib.. [: €
Sprimg Fiaw
EFFECT ON THRUST *SEFFECT ON ACTUATOR PERFORMANCE
). SMMEDIATE DESTRUCTION A FULL OPEN - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION 8. FULL CLOSE - CAN JOT OPEN
3. DECREASE MORE THAN 0% C. PARTLY OPEN - CAN NQT MOVE
4. INCREASE D. FULL OPEN - CAN CLOSE
5. DECREASE LESS THAN 0% [ FULL CLOSE - CAN OPEN
F. OSCILLATES .
G. DEGRADED PERFORMANCE
H. NONE
M —— - T i e L
e T W e - =
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FARLURE MODE ANALYSIS SUMMARY rAGE t of 11 PAGES
Actustor - G5 Servo, Genersl Blectric As-1h TABLE 1! DATE _ uoaig REV. -ovooo-
RECOMMENDED METHODS TO_ [ Z |
PART MANNING MODE Sl erFeCT ON CAUSE OF ELIMINATE OR PREVENT FAULURE | =
NAME PARTS LIST | o paime § nHausT* FAILURE TESTING ]
. NUMSER £] 8 rerron- - DESIGN &
. g MEG. | DEV.
: Break Spring Nne/t | ¥ib., Flaw x |=
i Break @ That. MNonefs Vib., (vertorque | <€ 8
Relie?
b Spring Relax Moozpy | Teop. - E
' Coupling €.05.02 Sreak @ Braze i/ %1b., Poor draze | @C ]
- Shaft Joint
Break ® Braze None/S ¥ib., Poor Srezt < E
- Joint
Br=ak @ Flex. LY ¥ib., Flav [ 8
- Break @ Flex. Yonef | ¥ib., F1-4 « |=
Spring Pin C.05.03 Break Trans. None/s ¥ib., Flaw, Shear | C B Heplace with another
type pla or another
Preak Trans. &/n ¥ib., Flav. Shear | QC 2 [method of retaintng
parts.
L
) Washer C-05-0% Omitted None/H Carelcss ass'y. o
' Serev €.05.05 Break Trans. L /p ¥ib., Ovartorque a B
;» Break Trans. RondfE ¥ib., Qversorque o R
Washer €.09.06 omisted NonofH Careless Ass'y. < . ‘
- Self Locking €.05.07 fack Off wong/ B orf vib. - E Positive method
it £ af locking.
Back OfC L] Vib. - 2
i Clanp €.05.00 Bresk Trans. None/g ¥idb., Flav., [N+ E
Qverzorque Nut
Potentiometer| C.C5.01 Slec. Open up ¥ib., Wear, oC E
Circuit tncorract Ass'y.
Elec. Open None/E Vidb., Wear, < g
Circutlt Incorrest Ass'y.
- Open Signal LA ¥ib., Wear, Qo E
i Incorrect Ass'y-
T Close Signsi Monge | Vib., Vear, o |
Incorrect Ass'y-
“avsrmittant Fluctuates/ | Vib., Wesr, < E
sual F Contaainants
: Cleat €.06.02 Areak Lip. NosiefE; ¥ib., Flaw « E
Bresk Lip. LY} Vit., Flaw qc E ¥
" Washer C.06.03 mitted Nondit Careless Ass'y- Qc - ;
- ioop Clemp C.06.0k Break Trans. NonyE vin. - E }
L
- “EFFECT ON THRUST *oEFFECT ON ACTUATOR PERFORMANCE
"L b, {MMEDIATE DESTRUCTION A FULL OPEN - CAN NOT CLOSE
2.  EVENTUAL DESTRUCTION 8. FULL CLOSE - CAN NOT OPEN
3. DECREASE MORE THAN 0% C. PARTLY OPEN - CAN NOT MOVE
e 4. INCREASE 0. FULL OPEN - CAN CLOSE
5. DECREASE LESS THAN 10% € FULL CLOSE - CAN OPEN
¥ £ OSCILLATES
[ S G. DEGRADED PERFORMANCE
N, NONE
"
|
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i FARURE MODE ANALYSIS SUMMARY PAGE 8 of 13 PAGES
Actustor - Gas Servo, General Electric AG-1h TABLE It DATE  9-28-62 REY, =ocee-
[ A, R
= e ——
RECOMMENDED METHODS TO 5
. PARY PLANNING MODE % EFFECT ON CAUSE OF ELIMINATE OR PREVENT FAILURE £
NAME PARTSAST | o ranvee | 3t mausre FAILURE TIESTING 8
x| & PERFOR~ DESIGN
MANCE®* MFG. | DEV. E_
Break Trans. '] Vib. - E
Screw C.96.05 Break Trans. None/E Vib., Qverte-que Qe 13
Break Trans. L /p Vib., Overtarque qC E
Back Out None/E Vib. - E Provide sethod of
locking.
Back Out Yo Vib. - E Provide method of
locking.
Stop & Fot .06.06 Break Traps. @ None/E vib. - E
Mount Flange
Break Trans. ® ') vib. - E ,
Flange
Break Axial. @ None/M Vib., Flaw ec | =
lug. :
Brvak Trans. @ Mong/E | vib. - E ’
Slots )
Break Trans. @ D Vb, - E )
Slots +
Damnged Seal Mone /M Improper Machg., QC -
Surface Careless Handlg., :
Contaminants B
Band €.06.07 Break Trans. None /H Vib. - E
Dameged Seal None /| Improper Machg., | QC -
Surface Careless Handling,
Contaninsnts
Improper Loc. of None /M Improper Ass'y. QC -
Pand Gep
Washer €.06.08 Omitted None /M Careless Ass’y. -] -
Screw C.06.09 Break Trans. Rone /E Vib., Overtorgque <4 E
Break Trans. L/ Vib., Overtorque Qe E
. Mt €.06.10 None None /H Kone - -
Seal C.06.11 Damaged Seal x Rone /H Careless Handlg., | QC -
Surface Contaninants
: Potentiometer | €.06.12 Bresk Trans. x| vomesm |vin., Fiav € | H
' Cover =
. Break Axial. x| HoneM |vib., Flav c E §
Damaged Seal X|{ HNome/H | Improper Machg., | &C - :
3 Surface Careless Handling
I Contaminants
: Washer C.06.13 Onitted Kone | Careless Ase'y. =
E . L IMMEDIATE DESTRUCTION A, FULL OPEN ~ CAN NOT CLOSE
2. EVENTUAL DESTRUCTION 8. FULL CLOSE - CAN NOT OPEN
3. DECREASE MORE THAN 30% C. PARTLY OPEN - CAN NOT MOVE
¢ 4, INCREASE D. FULL OPEN - CAN CLOSE
: S, DECREASE LESS THAN 10% E FULL CLOSE - CAN OPEN
i F.  OSCILLATES
i. G. DEGRADED PERFORMANCE
H. NONE
i
i
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FARURE MODE ANALYSIS SUMMARY PAGE k. of 13  PAGES
Actuator - Gas Servo, General Electric AS-lk TASBLE 11 DATE 9:28-tc__ MEV. - _
RECOMMENDED METHODS TO | 2
PART PLANNING MODE Ol errEct ON CAUSE OF !ll@ﬁlNAﬂ OR PREVENT FAILURE &
NAME PARIS LIST | o paiume 3| mausre FAILURE TESTING 3
NUMBER 18 PERFOR- r DESIGN &
MANCE* MFG. |oev. 4
Screv C.06.14 Break Trans. X fone/Ht ¥ib.. Qvertorque « B
Servo €.07.01 {Crack or Break None/B Vib., Flav o« 8
Valve Pody
Crack or Break LY/ Vib., Flaw « £
Mg Hole Break None/H Vib., Flaw « ]
Toppet Seat €.07.02 | Damaged Seat Fluctuntes/F] Improper Machg., | QC -
Careless Handling,
Cuntaninants
Yoke €.07-03 | Break @ In Foppet L/ vid., Flaw QC ®
Pin
Break @ Qut None/B Vib., Flaw «© E
Poppet Pin
Break @ Yoke aur 5/ Vib., Flas o 3
Support Pin AorB
Selze Fin and b/p Temp., Cleaning [ B
Yoke Action of i,
Contaninant
Seize Pin and tone M | reap., Cleantng QC €
Yoke Actlon of i,
Contani nant
Yoke Support €.07.04 | Break Trans. & or 5/ |¥ib.. Flau 3 E
AorB
Seize with Pin fiene /M | Tup., Cleaning QC £
Actiun of H,,
Contaatnantd
Pin C.07-05 Hreak Trans. Lk /a ¥ih., Flaw [ ] 34 Chg. to Mare Ductile
Bteel.
8reak Trans None /B Vib., Flav o E
Outlet Foppet €.07.06 | Bronk Trans. None /8 | ¥iv., Flav o« e
Damaged Soat Fluctuntes/F] Taproper Mrchg., | & .
Sorf. Cnreless Hand) ing,
Contantnants
Damaged Seat None /H imprope~ imckg., | &C -
Surf. Careless Handling,
Contaminants
Inlet Poppet €.07.07 Bresk Tranc. u /A ¥ib., Flaw 2.4 £ Chg+ to More Nuctils
Pin Bteel.
Hellcal Cotl €.07.08 Relnx lock tione /2 ¥ib., Tamp- - 4 More Positive locking
Inscrt Action
Relax lock & /o ¥ib,, Temp. - E
Felax Inck Fluctuates/t] Vib., Texp. - E
EFFECT ON THRUST S*EFFECT ON ACTUATOR PERFORMANCE
i IMMEDIATE DESTRUCTION A FULL OPEN ~ CAN NOT CLOSE
2. EVENTUAL DESTRUCTION . FULL CLOSE - CAN NOT OPEN
3. DECREASE MORE THAN 0% C. PARTLY OPEN - CAN NOT MOVE
4.  INCREASE D. FULL OPEN ~ CAN CLOSE
S, DECREASE LESS THAN 10% [ 8 FULL CLOSE - CAN OPEN
LS OSCILLATES
G. DEGRADED PERFORMANCE
H. NONE
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FARURE MODE ANALYSIS SUMMARY PAGE 10 of 13 __PAGES
Actuntor - Cas Servo, General Electric AG-14 TABLE H OATE 7-38-& REY,  eeees
RECOMMENDED METHODS TO [ Z
PARY PLANNING MODE g EFFECT ON CAUSE OF ELIMINATE OR PREVENT FAILURE g
NAME PARTS LIST | g capume THAUST* FAILURE TESTING
NiMBER ${a rerror- DESIGN
MANCE®* MG, | DEV. al
Inlet Poppet €.07.09 | Brosk Trans. w/h Vib., Flav Q E
Eroak Trans. None /B vib., Flaw qQ E
Dumnged Sest Fluetystes/s] Improper MWachg., o -
urf. Corvlens Handling,
Lsinant e
Damtyed Seat Nune /it isproper Maehg., [+ .
Surf. Cnpeleos Handiing,
Jontaninanto
Yoke Support ¢.07.10 Brosk Trans. None /1 Vb, Overtorque o B
Screv
Seal 071} Damtges Sent Flucruates/7| Careless Hond)tug.) Q€ -
Blges Contaninants
cas Servo c.07.12 Bellovs Hupture None /6 Vib., Flow @« B
Bellows
Dnavired S8l Fluetuatey'r| Coroless Handitng, | &€ -
Supf. C.ntaminants
Servo Filier €.07.13 Cloggod Hore /0 ovris, Contam. o -
Ruptured Filter Nonz /n Vih., Isproper « E
Avs'y.
Seal C.07.1% Duapged 3eai wone /G Careless Handiing, | € -
Blges Contaminnnts
Taasgad Senl Fluctusteg'p| Careloss Handling.| QC -
Blgeor Contamtnanta
Gas fiervo €.07.1% Hret -« & g Nonie /R ¥ib., Flas e« E
Maaifold Hole
Crack vr Rreak Mo /8 Vib., ; € E
Dnpeged Seal None /B iaproper Maehge«, Qc .
Surfece Carglese Handling
Clogied Orifice None /8 ebris, Contma. o« -
scml» Yalve €.07-16 | Break Trans. fone /B ¥iY., Flew QC E
Nozzle
maaged Seat Eige flone /B Improper Machg., qc -
Careless Hundling
fuzagod Boal Kone /9 1aproper MAChg. . « -
Ruetace Carrlons Handlg.,
Contaminants
Washer C.07.17 [omitted one /R Caroloss Asn'y. « -
Serew C.07.18 | Break Trand. fooe /1 Vib., Overtorque | &C E
sreher C.07.19 | Omieted ®one Nt Caralews Ass'y. Qc -
AFEICT ON THRUST SoEFEECT ON ACTUATOR PERFORMANCE
b WAMEDIATE DESTRUCTION A FULL OPEN - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION | X FULI CLOSE - CAN NOT OPEN
3. DECKEASE MORE THAN 0% [ PARILY OPEN ~ CAN NOT MOVE
4.  INCREASE 0. FULL OPEN - CAN CLOSE
S, DECREASE LESS THAN KM% t FULL CLOSE - CAN OPEN
F. OSCILLATES
G. DEIGRADID PERFORMANCE
M. NONE
- a m— it i e
® 2
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FARURE MODE ANALYSIS SUMMARY PAGE 11 of 13 PAGES
Actuator - Gas Servo, General Elsctric AS-1b TABLE &t OATE _ g.08-Ge _ REV.  ==-=--
RECOMMENDED METHODS 1O 5
PART PLANNING MODE g EFFECT ON CAUSE OF ELIMINATE OR PREVENT FAILURE £
NAME PARTS LIST | op paume o muste FAILURE TESTING 3
Numaer x| & PLRFOR- DESIGN &
MANCE** MFG. | DEV. a8
serew €.07.20 | Break Trans. None /H | vib., overtorque | qc E
Mrze Mall c.07.21 Damaged Surface None /B Careless Handling,| QC -
Contaminants
Flapper Screw C.07.22 | Mone Wene /i None - -
Torque Motor €.07.23 | Rlectrical b /A Vib., Temp., Flaw | QC [
Fallure
Electrical tione /£ | vib., Tesp., Flav | 3
Fajlure
Mid-Grip Lock 5 /6 | vib., Tenmp. - B |More Tosttive Method
. Relax of locke.
Spring Relax 5 /G Temp. - 3
Intermittent FluctuatesF| Vib., Temp., Flav | Q¢ E
Elec. Contact
Washer C.07.24 Omitted None /8 Carcless Ass'y. Q© -
Screw C.07.25 Break Trans. None /H vib., Overtorque { QC b
Exhaust €.07.26 Crack or Break X None /H Vib., Flaw QC E
Yolume Cover
Damaged Seal x| wone/M Improper Machg., | &C -
Surface Careless Handling,
Contaminants
Seal ~07.27 Danaged Seal X None /H Careless Hendling, | QC -
Figes Contazinants
Washer €.07.28 |omitted None /M Careless Ass'y. Q€ -
Screw C.07.29 | Break Trans. X| Mone/M Vib., Overtorque | &C E
Seal C.07.30 Dazmaged Geal %one /M Careless Handling, | QC -
Edges Coptaminants
Seal €.07.31 | Damaged Seml None /H | Careless Handling, | -
Edaes Contanminants
Seml €.07.32 | Damaged Seal None i | Careless Handling, | QC -
Idges Contaninante
Washer €.07.33 | omittes Mone /i | Careless Ass'y. [ -
Terew €.07.34% | Break Trans. Fone /H Vidb., Overtorque | Qc E
Cooling Flow C.68.00 Clogged L/h Debris, Contam. QC - Spra. load Bypass.
Filter
Clogged Noae /B Debris, Contam. -] - Sprg. losd Rypass.
tave Spring u/A Vib., Temp., Fiav | QC E
Break/Relax
B . .
Yave Sprine None /! Vib., Teap., Flav [ QC B
SFFECT ON THRUST S*EFFECT ON ACTUATOR PERFORMANCE
% IMMEDIATE DESTRUCTION A FULL OPEN - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION 8. FULL CLOSE - CAN NOT OFEN
3. DECREASE MORE THAN 0% C. PARTLY OPEN - CAN NOT MOVE
4. INCREASE D. FULL OPEN - CAN CLOSE
5. DECREASE LESS THAN (0% €. FULL CLOST « CAN OPEN
F. OSCILLATES
G. DEGRADED PERYORMANCE
H. NONE
T et e S G - B e,
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& FAILURE MODE ANALYSIS SUMMARY PAGE _ 12 ol _13 PAGES
Actuntor - Oas Servo, Genersl Electric AG-14 TABLE I DA§.  9.28-6° REY, et J
i RECOMMENDED METHODS 10 | Z
: PART PLANNING MODE g EFFECT ON CAUSE OF E1IMINATE OR PREVENT FAILUM E
v NAME PARTS LIST | (¢ cajiume THRUST* FAILURE TESTING
NUMBER < A
x| & PERFOR DEV DESIGN
1 MANCE** MFG. :
. Aerzen Rupture L /A Vib. - B
L Sereen Ruptuce None /8 | Vib. N E
Supply Filter €.09.00 Clogyed None /B Debrls, Contamn. L . Sprgs load Rypass.
Screen Rupture Noae /H vib. . E
Wirfug €.10.01 Broker Wire (WA Vib., Flaw QU £ Use HRedundant
Harnuss rtireuits.
Broken Wire None /E Vib., Flav -y E
Elec. Short L /o Vib., Temp., Insull QC B
Abras.
Elec. Short None /E Vib., Temp., Insul{ it B
Abrus.
Open Circuit 4/n Brokt Connect - E
Open Circuit None /g Broke Conaect X E
Incorr. Vine L] Careless Ass'y. Qc -
Connections
) Incorr. Wire Nope /¢ Coraless Ats'y. @ -
. Connections
) Electrical C-10.92 Elec. Open Lo Vib., Nroke fin Qe E Replece “mlck
Receptacle Circuit Poor Solder Psconnect Aecap. i
with Wire. l
Elec. Oper None /E Vib., Brcke Pin C 14 Permanent Type o
Circuit Toor Hvlder Use Redund. Otresfts.| |
H
Seal €.10.03 Damaged Seal None M Careless Handling, | QC - ¢
Edges Contezinants 2
Washer C+10.04 Quitted Nooe /H Careless Ass'y. QC - .
Screw €.10.05 Break Trans. Kone/H ¥ib., Overcorgue e £ '
Electrical €.10.06 Elec. Open 4 /o Vib., Broke Pin, ]c E Replace Quick
Receptacle Poor Solder Disconnnct Recep
vith more Persansnt
Elec. v en Cir- None /3 Vib., Broke Pin, QC E Type or use Redund.
euft Poor Solder Circuits.
Senl €.11.01 Damaged Ses”. None /H Careless Handling, | QC -
Surface Contaminants
¢
Sed C.11.02 Damaged Scal X tions Y Careless Handling, | QC - .
Surface Contamninants !
Seal C.11.03 Damaged Seal Keae fy Careless Handling, | QC -
es Contaminants
tleal c.1L.04 Damaged Seal Fone /4 Careless Handling, | QC -
Edges Contaminants
*€FFECT ON THRUST **EFFECT ON ACTUATOR PERFORMANCE
). IMMEDIATE DESTRUCTION A FULL OPEN - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION 8. FULL CLOSE - CAN NOT OPEN
3. DECREASE MORE THAN 30% C. PARTLY OPEN - CAN NOT MOVE
4, INCREASE D. FULL OPEN - CAN CLOSE
5, DECREASE LESS THAN 10% | FULL CLOSE - CAN OPEN
F. OSCILLATES
G. DEGRADED PERFORMANCE
H. NONE
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FARURE tAODE ANALYSIS SUMMARY PAGE 13 of __lJ__PAGu
Actuator - Cas Ssrvo, Geperal Blectrle Ag-2b TASLE N oate ..,,_E;g_ﬁggm' P
RECOMMENDED METHODS TO | 2
PART PLANNING MODE Oletrect ON|  CcAUSE OF ELIMINATE OR PREVENT rAnuet |2
PARTS LIST - — 2
NAME Nuvee | OF Fauuee bR Jiausr- FARURE TESTING s é
MANCE** MFG. | DEV. &
Marmon Clemp €.11.05 | Break Axial x| moe/B | viu.. Flav ¢ E
Bolt Futl x| wone/® |vin. -
EFFECT ON THRUST **EFFECT ON ACTUATOR PERFORMANCE
% IMMEDIATE DESTRUCTION A FULL OPEN - CAN NOT CLOSE
2. EVENTUAL DESTRUCTION .. FULL CLOSE - CAN NOT OPEN
3. DECREASE MORE THAN 0%  C. PARILY OPEN - CAN NOT MOVE
4. INCREASE 0. FULL OPEN - CAN CLOSE
5.  DECREASE LESS THAN 10% E FULL CLOSE - CAN OPEN
£ OSCILLATES
G. DEGRADED PERFORMANCE
W, NONE

e e EEE e ——

7

[P—






